Cutaneous Sensory Threshold Stimulation with High Frequency Square-Wave Current I. The Relationship of Electrode Dimensions to the Sensory Threshold by Sigel, Harry
CUTANEOUS SENSORY THRESHOLD STIMULATION WITH HIGH
FREQUENCY SQUARE-WAVE CURRENT
I. THE RELATIONSHIP OF ELECTRODE DIMENsIoNs TO THE SENSORY THRESHOLD*
HARRY SIGEL, M.D.
Numerous methods of studying the sensibility of the skin have been reported. Martin (1)
described the threshold of faradic break shocks; Ollendorf (2) used hair strokes, pin pricks,
heat and pressure with a probe in normal and abnormal skin to determine differences in
sensation; Mayr (3) utilized the pressure of a water manometer on normal and syphilitic
skin; Hardy and Wolff (4) introduced the thermal radiation method in measurements of
pain thresholds; Bishop (5) studied the effects of single and repetitive electrical stimuli on
sensory units; Hauk and Neuert (6) employed a pulsating direct current with frequencies
up to 300 cycles per second produced by the make-and-break of an inductorium to study
pain thresholds.
In a recently reported preliminary study (7) the use of high frequency square-wave cur-
rent for threshold stimulation of the skin was described. The same vacuum tube apparatus
was used in these electrode experiments. A description of the circuit and apparatus can be
found in the previous report. The apparatus delivers unidirectional pulsating square-wave
current with frequency up to 25,000 cycles per second (c.p.s.) and peak voltage up to 250v.
The square-wave current is characterized by a flow of direct current between the make and
the break followed by a period of inactivity between the break and the next make, after
which the cycle is repeated. Frequency is then defined as the number of cycles per second
and current interval is the duration of the current measured in fractions of a cycle. Fre-
quency, current interval and voltage are the physical variables to be controlled or measured
when using square-wave current. All three variables can be read directly from an oscillo-
scope, but such apparatus being bulky and expensive, its use was circumvented by installing
into the circuit a vacuum tube voltmeter (voltage indicator) and a counting ratemeter
(frequency indicator).
The following clinical investigation was undertaken in order to continue the study of the
cutaneous sensory threshold with high frequency square-wave current. It was specifically
desired to investigate, subjectively and objectively, the sensory responses to threshold
stimulation using five electrodes of different dimensions, and to determine the dimensions
of choice for future experiments. More than 100 patients attending the Grace-New Haven
Community Hospital skin clinic were tested for subjective reactions with the use of a point
electrode and four other electrodes measuring inch square, 1 inch square, 2 inch square
and 4 inch square. The frequencies obtained with the four flat electrodes on 13 unselected
cases were recorded (Table 1) for objective analysis.
TECHNIC
It was previously found (7) that the intensity of stimulation could be increased
by increasing the voltage or current interval, or by decreasing frequency. In
this study current interval was constant at cycle and voltage at about 125
volts. Preliminary trials indicated that this voltage would be required in order
to reach the sensory threshold at about 25,000 c.p.s. (maximum frequency)
when the smallest flat electrode ( inch square) was used. The only variables
* From the division of Dermatology, Yale School of Medicine.
Presented at The Twelfth Annual Meeting of The Society for Investigative Dermatology,
Inc., Atlantic City, June 7 & 8, 1951.
441
442 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
were frequency (up to 25,000 c.p.s.) and electrode area. The cutaneous sensory
threshold was determined with each electrode by starting frequency at 25,000
c.p.s. and slowly decreasing the frequency (increasing the stimulus intensity)
until a sensation could just be perceived at the positive electrode. The active
(positive) electrode was applied to the right forearm while the large dispersing
electrode was applied to the left arm. The right forearm about 2 inches below
the antecubital space was chosen as the standard area for testing because of its
easy accessibility for applying and removing electrodes. The electrodes were of
lead-tin material lined with tap-water moistened filter paper.
TABLE 1
Frequency measurements (c.p.s.) of the cutaneous sensory threshold on the right forearm
(standard) area with four electrodes of different surface dimensions
CASS NO. IN. SQ. 1 IN. SQ. 2 IN. SQ. 4 IN. SQ.
1 18,000 7,000 6,700 3,300
2 7,500 6,700 6,000 2,275
3 18,000 11,800 11,000 5,100
4 15,500 12,000 8,200 3,300
5 19,000 12,000 3,500 1,000
6 19,000 11,800 4,700 3,300
7 18,000 7,500 2,750 1,900
8 25,000 25,000 19,000 4,200
9 25,000 11,800 6,000 1,750
10 2,600 21,500 18,000 6,350
11 11,800 4,400 1,750 760
12 5,000 3,900 6,800 3,900
13 11,800 7,000 2,275 1,000
SUBJECTIVE FINDINGS
The use of the point electrode was soon found to be unsatisfactory. The thresh-
old was difficult to define with this electrode because slight changes in frequency
produced marked changes in intensity of stimulation Thus the threshold was
reached slightly before discomfort developed and the margin was too narrow to
allow satisfactory discrimination and assessment of the responses. In addition
the threshold was often much higher (low frequency) than seemed consistent
with the expected concentration of current. In other words the threshold fre-
quency was haphazard and the responses were difficult to evaluate with the use
of the point electrode.
The inch and the 1 inch square electrodes were progressively more reliable,
and satisfactory thresholds could be obtained more consistently. The threshold
frequency was only occasionally found to be inconsistently low, and in a few
cases the margin between threshold sensation and discomfort was found to be
too narrow for the patient to accurately determine the point of threshold sensa-
tion.
With the 2 inch square electrode patients seldom had any difficulty in deter-
mining the point of beginning sensation. The threshold sensation emerged quite
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abruptly with rarely a vague "shadowy" feeling preceeding it. The patients
were asked to describe in their own words what they felt. The threshold sensation
was variously described as "prickly", "buzzing", "crawly", "numb", and "itchy".
On self-applications I found the threshold sensation to be what might be described
as a continuous smoothly rippling electrical feeling. There were no individual
impulses felt. The sensation was definitely cutaneous and remained so for an
appreciable increase in intensity. Further increases in intensity produced in-
creasingly greater burning discomfort followed by deeper sensations of muscle
tension, then muscle contractions and strong electrical sensations spreading
distally to the fingers.
The low range of frequencies necessitated by the use of the 4 inch square
electrode often produced a change in the quality of the threshold response.
This occurred with the emergence of individual impulses. A roughening of
cutaneous sensation developed as well as deeper vague sensations and muscle
tension, all of which interfered with the threshold response. That this change
in quality was due entirely to lower frequency was shown by using the same
electrode and higher voltage. The threshold frequency was thus increased and a
smooth response was achieved, but was often accompanied by the sub-threshold
"shadowy" sensation.
It was concluded that the cutaneous sensory threshold was most accurately
determined with the use of the 2 inch square electrode.
OBJECTIVE FINDINGS
Table I shows the frequencies at which the sensory threshold was reached
with the four fiat electrodes. The smaller electrodes required higher frequencies
except in case 2, 10, and 12, where the frequencies were unexpectedly low.
Although each electrode area was 4 times greater than the next smaller electrode,
no such proportion in frequency occurred. The frequencies with larger electrodes
tended to be relatively higher than the ratio of the areas would indicate. With
the same electrode threshold frequency varied considerably from individual to
individual.
DISCUSSION
Bishop (5) working with fine wire electrodes and employing single and repet-
itive electrical stimuli to touch and prick receptors of the skin, reported findings
and observations with which the results of the above experiments may be cor-
related either directly or by inference. He found that spots of extreme sensi-
tivity to electrical stimulation were surrounded by areas of lower sensitivity.
These areas form sensory units which vary in size in different regions (of the
forearm and hand) from less than 2 mm. to more than 15 mm. He also observed
that increased sensitivity may be due to greater numbers of sensory receptors
and that the activities of adjacent receptors are summated subjectively. Sen-
sitivity is also influenced by accessability (depth) of the receptors. Furthermore
he noted that pronounced changes in quality (roughness) are associated with
single stimuli, and that with high frequency roughness disappears. He theorizes
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that "this sensation (roughness) reflects a real repetitive discharge in nerve
fiber, each impulse in the brief train which follows a single shock registering
discretely in the central nervous system, until the rate of stimulation exceeds
that which the centers can follow."
According to these concepts, when the small electrodes were used, highly
sensitive or less sensitive areas of the skin were stimulated, depending upon the
position of the electrode with respect to the highly sensitive or less sensitive
portion of the sensory unit (Fig. 1) and the threshold frequency was found to be
correspondingly high or low.
Fm. 1. Schematic drawing of sensory units in the skin of the forearm based on sketches
of individual sensory units by Bishop (5). Each dot represents an extremely sensitive spot.
The outlined area surrounding each dot is less sensitive. V—a point electrode. Concentric
squares are areas covered by three fiat electrodes.
In the diagram V is on an area of relatively lower sensitivity and the intensity of stimu-
lation for threshold response would have to be greater at this point than if the electrode had
been placed on one of the highly sensitive spots. The same situation is shown with the
smallest fiat electrode; is less likely to occur with the next electrode; and cannot occur with
the large electrode.
The widening of the margin between threshold stimulation and discomfort
which was observed as the electrode area was increased is difficult to explain
unless the current density (current per unit area) of the larger electrodes is
relatively decreased despite the lower frequencies employed with the larger
electrodes. Thus, each sensory unit would receive a less intense stimulus. How-
ever, due to spacial summation and the large number of receptors stimulated
with larger electrodes, the sensitivity is increased and frequencies are relatively
higher. Thus the 1:4 relationship between the consecutive electrodes is not
reflected in the respective frequencies.
Table I shows marked variations in threshold frequencies between individuals
even with the same electrodes. This might be attributed in part to individual
differences in depth of sensory receptors. Corrections for body resistance and
for the margin of error, both of which merit further investigation, might lessen
these individual variations.
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SUMMARY AND CONCLUSIONS
1. The relationship of active electrode dimensions to the sensory threshold by
means of high frequency square-wave current was investigated.
2. Subjective responses to sensory threshold stimulation, using 5 electrodes of
different dimensions were described.
3. The 2 inch square electrode was found to be most suitable for threshold
studies with the apparatus here employed.
4. The threshold frequencies obtained with 4 electrodes of different surface
dimensions on a standard skin area of 13 patients were tabulated for objective
study.
5. The findings were correlated with neurophysiological concepts.
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